Abstract Therapy-related myelodysplastic syndromes (t-MDS) occurring after the successful treatment of acute myeloid leukaemia (AML) are rare and may be difficult to distinguish from relapse of the primary leukaemia, especially if the second neoplasm overlaps morphologically with the initial one. We report a 78-year-old male who, 3 years after treatment for acute monocytic leukaemia, developed t-MDS (refractory anaemia with excess blasts-2) that was initially suspected to be a relapse. Cytogenetic analysis of the initial AML had revealed +8 and del(16). These abnormalities disappeared, along with monocytic markers on flow cytometry, 3 years later, and a new t(3;7) event was found instead. The cytogenetic findings, together with the clinical profile, the morphological data and the immunophenotypic shift, were crucial in correctly recognizing the t-MDS and excluding relapse. Repeat genetic and immunological analyses are often omitted at the time of morphologically evident relapse in AML, especially for economic reasons in resourceconstrained settings. Our case shows that such investigations may be invaluable in avoiding a misdiagnosis and, indeed, may help reveal the true incidence of t-MDS/t-AML in treated AML patients.
Introduction
Therapy-related acute myeloid leukaemia/myelodysplastic syndromes (t-AML/MDS) are well-recognized events in patients who have received potentially genotoxic therapy, usually for prior malignancies or autoimmune disorders [1] [2] [3] [4] [5] [6] . Their outcomes have historically been poor in comparison to persons who develop de novo AML. In recent times though, it has been questioned whether a diagnosis of t-AML per se indicates a poorer prognosis or whether the adverse outcomes result from other distinctive clinical/biological characteristics [3, 4] .
The occurrence of t-AML/MDS after treatment of AML is a rare event. A University of Chicago series of 306 patients [5] , for instance, included no cases that followed AML. The commonest primary diagnoses were solid tumours and Hodgkin and non-Hodgkin lymphomas [5] . It is possible that t-MDS/AML may be under-recognized by hematopathologists in patients with a prior history of treatment for AML due to an assumption of relapse. The diagnosis may be especially challenging if the entity is unsuspected, as the second malignancy is likely to overlap morphologically with the initial one. We report one such case of t-MDS where repeat cytogenetic and immunophenotypic analyses were crucial to avoiding a misdiagnosis of relapsed AML. [7] ) in an elderly male was made. The possibility of AML with myelodysplasia-related changes was also considered because of his age. However, his previously excellent physical condition, the absence of morphological dysplasia or the requisite cytogenetic abnormalities included in the WHO classification [1] , and significantly, the normal range blood counts just 3 months prior to the diagnosis of AML strongly argued against a background of MDS.
The patient received an induction regimen of subcutaneous low-dose cytosine arabinoside (AraC) for 10 days. He attained a complete remission with normalization of counts. Subsequently, he received maintenance therapy comprising of nine cycles each of daunomycin and AraC alternating with Ara C and 6-mercaptopurine for 5 days each for the next 18 months. Supportive care comprised of blood transfusions, growth factors and antibiotics as required. He remained largely complaintfree for 3 years, only getting tri-monthly blood counts done.
In October 2010, while he remained asymptomatic with no significant examination findings, a follow-up hemogram showed Hb 106 g/l, TLC 43.3×10 9 per litre, platelets 32× 10 9 per litre and an MCV of 109.4 fl. The peripheral smear showed leukocytosis with 4 % blasts and many hypolobate and hypogranular neutrophils (Fig. 2) . The absolute monocyte count was 0.85 × 10 9 per litre. Relapse was suspected, and a BM aspirate was done. The marrow was markedly hypercellular with a myeloid preponderance and showed 11 % blasts with significant dysgranulopoeisis in the form of hypogranular myelocytes and cells with hypolobate and ring nuclei comprising 35 % of series (Fig. 3) . Megakaryocytes were diminished, and only dysplastic forms with hypolobate nuclei and micromegakaryocytes were seen (Fig. 3, inset) . There was a marked paucity of erythroid cells. Conventional cytogenetics this time on the bone marrow revealed 46XY, t(3;7)(q22;26) [20] . The initial abnormalities of +8 or del(16q22) were absent (Fig. 4) . Flow cytometry revealed a progenitor region cluster (∼10 % of all events) that was positive for CD13, CD15, CD33, CD117 and CD34 but was negative for all monocytic markers (CD4, CD11b, CD11c, CD14 and CD64) as well as for MPO.
The differential diagnoses entertained were a relapse of his AML versus t-MDS (therapy-related refractory anaemia with excess blasts, t-RAEB-2). Taking into consideration the history of chemotherapy, the dysplastic morphology, the absence of any monocytic markers on this blast cluster and the emergence of a new cytogenetic aberrancy coupled with the absence of previous cytogenetic abnormalities, t-RAEB-2 was the likeliest diagnosis [1] . His Age-Adjusted Revised International Prognostic Scoring System (IPSS-RA) score [8] was >6, indicative of very high-risk MDS (although it must be noted that the IPSS-R is validated for and therefore most applicable to de novo MDS). On discussing treatment options, he chose not to undergo aggressive chemotherapy and was started on hydroxyurea 1.5 g/day and lenalidomide 5 mg/day administered at a local centre with monitoring of blood counts. He deteriorated progressively and finally succumbed to the disease 3 months after the bone marrow diagnosis.
Discussion
Therapy-related myeloid neoplasms comprise a distinct subgroup in the 2008 WHO classification of AML [1] . Although cases may be sub-classified as t-AML, or as t-MDS or t-MDS/MPN depending on the blast count, they are considered a single biologic disease with similar genetic features [1, 5, 9] . Since most t-AML/t-MDS patients have previously received alkylating agents and topoisomerase II inhibitors and/or radiation, a division according to the type of therapy (alkylating agents or topoisomerase II inhibitors) is usually unfeasible and is not recommended anymore [1] . Fig. 3 Bone marrow aspirate in October 2010 showed granulocytic preponderance with 11 % blasts. Hypogranular myeloid precursors and a few hypolobate neutrophils are present (Wright-Giemsa, ×1,000). Inset shows a dysplastic megakaryocyte (Wright-Giemsa, ×400) Fig. 4 The karyotype in October 2011 reveals t(3;7)(q22;26)
Our patient had a translocation involving chromosome 7, a finding typically previously associated with alkylating agent-related t-AML/t-MDS. His multilineage dysplasia, blast percentage <20 % and subsequent rapidly downhill course were compatible with this entity, while the relatively short latent period of 3.5 years and the abrupt onset were anomalous [1, 2] . This simply reiterates the fact that significant overlaps occur between alkylating agent and topoisomerase II inhibitor-associated t-AML/t-MDS and possibly both contributed to the second malignancy in him.
Over 90 % of patients with t-AML/t-MDS possess cytogenetic abnormalities identical to those found in AML with myelodysplasia-related changes or in de novo AML with recurrent genetic abnormalities [5, 10] . However, except for some patients with t-AML associated with inv(16), t(16;16) or t(15;17), patients with therapy-related myeloid neoplasms appear to have significantly inferior outcomes than their de novo counterparts, suggesting important biologic differences [1, 5, 11, 12] . Investigations are ongoing into whether t-AML's prognosis is inferior when matched for cytogenetic risk group with de novo AML. A recent data suggests that the poor prognosis of at least radiation-related t-AML may be largely dependent on the higher incidence of adverse cytogenetic events [3, 4] .
The availability of cytogenetic and immunophenotypic studies both at diagnosis as well as at suspicion of relapse in our patient helped distinguish relapse from a secondary malignancy. In a resource-constrained setting, the subsequent investigations may simply not have been sent once circulating blasts were documented in a blood film and relapse might have been assumed. Data on cytogenetics anomalies in relapsed AML is scarce [13, 14] . When compared with cytogenetics at initial diagnosis, the same karyotype is found at relapse in 40-50 % (20-30 % show both normal karyotypes and ∼20 % the same aberrant karyotype at diagnosis and at relapse). Nearly 15-20 % patients have a normal karyotype at diagnosis and acquire an aberrant one at relapse. Of those with an aberrant karyotype at diagnosis, 25 % gain additional chromosomal aberrations at relapse [13, 14] . Only 2-5 % patients show a completely new clone at relapse that is unrelated to the clone at diagnosis. It has been suggested that secondary AML rather than relapsed primary AML should be suspected in these rare persons [15] . For instance, Kern et al. [6] found only 1 of 117 patients, while Garson et al. [13] found 5 of 103 patients to have a completely different karyotype from diagnosis. In both studies, these patients (with abnormal as well as unstable karyotypes) had the worst outcomes of all cytogenetic groups. It must be noted, however, that distinction between t-AML/MDS versus relapsed AML may currently only have limited therapeutic implications in an elderly patient since both portend particularly poor outcomes [6, 9, [13] [14] [15] .
This case illustrates the multi-modality diagnostic approach adopted by the WHO classification of AML wherein morphology is only one of the criteria used to arrive at the diagnosis. Although time consuming and expensive, the addition of immunological and genetic data helps classify these often overlapping entities into biologically distinct and therapeutically relevant subgroups [1] . The secondary genetic locus in our patient, for instance, has previously been implicated to result in overexpression and dysregulated transcription of the EVI1 protooncogene in patients with t(3;7)(q26;q21) translocated AML and blast crisis of chronic myeloid leukaemia [16] .
In conclusion, accurate diagnosis of t-MDS requires awareness of the entity, knowledge of its biology and behaviour and a high index of suspicion. The last is best aroused when the complete clinical background and the results of ancillary investigations are available to the reporting hematopathologist. Repeat cytogenetic and immunophenotypic evaluation can yield diagnostically useful information and are thus indicated even at morphologically documented relapse in AML patients.
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